Two-object remote quantum control by Yu, Y et al.
Two-object remote quantum control
Yafei Yu

a, Tangkun Liua,b ,Yanxia Huang a,band Mingsheng Zhan a
aState Key Laboratory of Magnetic Resonance and Atomic and Molecular
Physics, Wuhan Institute of Physics and Mathematics, Chinese Academy of
Sciences, Wuhan 430071, PR China
bDepartment of Physics, Hubei Normal University, Huangshi, 435000,
Hubei, PR China
We consider the two-object remote quantum control for a special case in which all the object
qubits are in a telecloning state. We propose a scheme which achieves the two-object remote quantum
control by using two particular four-particle entangled state.
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Quantum entanglement exhibits nonlocal correlation between separate systems, which describes that the results of
measurements on one system can not be specied independent of the parameters of the measurements on the other
systems. The quantum entanglement in multipartite systems describes the quantum correlation between more than
two parties and is more complex and richer than bipartite entanglement. For example, the bound entanglement [1] is
a distinguished kind of entanglement in multipartite systems.
The multipartite quantum entanglement has been extensively applied into quantum information processing and
quantum computation, such as quantum telecloning [2], quantum remote information concentration [3] and multi-
output programmable quantum processor [4]. Here we apply the multipartite quantum entanglement into remote
quantum control [5]. Recently quantum remote control is deeply studied by S. F. Huelga [5,6], B. Reznik [7] and
Chui-ping Yang [8] et al. The previous works are based on one object or aimed to creating interaction between
separate systems. However, it is important to remotely control several objects simultaneously and individually in
quantum network. Here we exploit two particular kind of four-partite entanglement to implement two-object remote
control. The two-object remote control is for a special case in which the two targets and an ancillary are in a whole




















where the rst qubit is ancillary labeled as A, the later two qubits are two objects labeled as B and C, respectively.
That is, the state is a telecloning state of an initial state jψiinitial = α j0i+ β j1i. The target qubits B and C carry
the optimal cloning state of the state jψiinitial with the delity 56 , respectively.
Supposing that three spatially separate parties Alice, Bob and Charlie hold qubits A, B and C in the telecloning
state jψi, respectively. The controller want to operate the states on the qubits B and C in the Bob and Charlie’s
hand only by local operation and classical communication and shared entanglement. The operation that the controller
remotely performs on the objects is arbitrary unitary transformation or can be implemented as a classical black box
so that we cannot encode the information about the operation into quantum state, then distribute it to the separate
parties. So in the scheme, the rst step is to concentrate the information shared by the qubits A, B and C to the
controller. It can be achieved by local operations and classical communication by sharing a four-partite unlockable






jiiDE hij ⊗ jiiFG hij ,
where jii(i=0,1,2,3) represent the four Bell states j0,1i = (j00i  j11i) /
p
2, j2,3i = (j01i  j01i) /
p
2. The qubits
E, F and G are distributed to the three parties Alice, Bob and Charlie as the input port qubits, respectively. The
qubit D is held by the controller. Then the three parties Alice, Bob and Charlie individually perform the Bell-state
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measurements on their pairs of the target port qubits and the input qubits AE, BF and CG. Each party obtains




of the Bell-state measurement. Each result is associated with the
corresponding Pauli operator σj(j=0,1,2,3), where σ0 = I, σ1 = σz , σ2 = σx, σ3 = σy. Three parties classically inform
the controller of the results of their Bell-state measurements. According to the results of three Bell-state measurement
the controller determines a corresponding Pauli operatior σj performed on his qubit D. Eventually the qubit D is in
the initial state jψiinitial = α j0i+ β j1i.
The process can be analytically interpreted as:
jψi ρub hψj = (α jφ0i+ β jφ1i)ρub(α hφ0j+ β hφ1j)
! 1
64
fjIi hIjσ0(α j0i+ β j1i)(α h0j+ β h1j)σ0 + jIIi hIIjσ1(α j0i+ β j1i)(α h0j+ β h1j)σ1
+ jIIIi hIIIjσ2(α j0i+ β j1i)(α h0j+ β h1j)σ2 + jIV i hIV jσ3(α j0i+ β j1i)(α h0j+ β h1j)σ3g. (2)
jIi hIj is listed as















































































































































































































That is, the rst term in Eq [2] denotes that when the product ( up to a global phase factor) of the three Pauli
operators associated with the three Bell- state measurement is σ0, the state on the qubit D is transformed to the
initial state jψiinitial = α j0i + β j1i. similarly the second term in Eq [2] means that if the product is σ1, the nal
state on the qubit D is σ1(α j0i+ β j1i). The controller must perform a rotation of σ1 on his qubit D. The third term
in Eq [2] corresponds to the case that the product is σ2, the controller must rotate his qubit by σ2 to retrive the state
jψiinitial. The forth term expresses that the procuct is σ3 and the operation σ3 is carried on the qubit D. Finally, the
qubit D is in the state jψiinitial after the Bell-state measurement and local operation.




. The manipulation can be unitary operation or be action of a classical black box.
The nal step is to distribut the transformed state
ψ′E
final
back to the parties Alice, Bob and Charlie. It just is
a telecloning process. A four-particle entangled state
jϕi = 1p
2
(j0iP jφ0iA′B′C′ + j1iP jφ1iA′B′C′ ) (4)







are held by Alice, Bob and Charlie, respectively. The states jφ0iA′B′C′ and jφ1iA′B′C′ are





of the Bell-state measurement. Then he broadcasts the results to the three






according to the results. Finally the whole







ψ′E from which the transformed versions of the initial states are obtained on
the qubits B and C after tracing out ancillary qubit and the other qubit. That is,
ρB′ = TrA/,C/
ψ/EDψ/
 = UTrA,C (jψi hψj)U y, ρC′ = TrA/,B/
ψ/EDψ/
 = UTrA,B (jψi hψj)U y.
Hence by local operations and classical communication and shared entanglement, we remotely control the two
objects simultaneously. The procedure is illuminated in the Fig. 1.
We examine the amount of quantum entanglement in the sender-receiver cut in our scheme. The relative entropy














: P ) = 1. However, because the state ρub = 14
P3
i=0 jiiDE hij ⊗ jiiFG hij is an unlockable
bound entangled state, the 1 ebit of entanglement across the EFG:D cut is not equal to the amount of entanglement
in the maximally entangled state. The 1 ebit of bound entanglement is not enough for the faithful transmission of
the quantum information of a single qubit. But it is the entanglement residual in the state jψiinitial that assists the
bound entangled state in transmitting the quantum information of the single qubit faithfully. Hence our scheme only
uses two particular four-party entangled state to achieve deterministically two-object remote quantum control for the
special case where all object qubits are in a telecloning state.
Our scheme is easily generalized to the case of more than two objects by using more complex multipartite entangled
state. Of course, the entanglement in the whole initial state of the objects is required. The multi-object remote
quantum control is important in future quantum network. And the scheme can act as a multi-receiver quantum key
distribution if the quantum key is encoded in quantum state as operation information. The receivers can retrieve
the key by comparing the initial sending state and the nal receiving state. Since our scheme involves complicated
multipartite entangled state and many qubits, whether there is more eective and simpler scheme of multi-objects
remote quantum control is still an open question.
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